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REIMPLANTATION OF THE 
RIGHT INTERNAL THORACIC 
ARTERY AS A FREE GRAFT 
INTO THE LEFT IN SITU 
INTERNAL THORACIC 
ARTERY (Y PROCEDURE) 
One-year angiographic 
results 
Reimplantation ofthe right internal thoracic artery, as a free graft, into the left in situ 
internal thoracic artery (Y procedure) has enabled us to bypass more distant marginal 
vessels, which was not possible by the bilateral technique alone. This prospective study 
was aimed at evaluating the clinical state of the patients and the degree of patency of 
grafts within 16 months of follow-up. All 80 patients who underwent the Y procedure 
between January 1988 and January 1992 were included. This group represented 10% of 
the 840 patients having coronary bypass during the same period. A total of 202 coronary 
anastomoses were performed in this series. Early postoperative (30 days) complications 
included three deaths (3.75%), eight myocardial infarctions (10%), one case of phrenic 
nerve paralysis (1.25%), two cases of respiratory failure (2.5%), and six wound infections 
(7.5%). At 3 months' follow-up, 96% of patients were free of symptoms. During the 
follow-up period, four patients died of noncardiac auses (lung, pancreatic, and brain 
cancer and rupture of an abdominal aortic aneurysm). At 1 year, 71 patients were free 
of symptoms (97%). Sixty-one patients underwent coronary angiography between 12 and 
24 months. Six patients with peripheral arterial disease were not suitable for coronary 
angiography, and six refused to be tested. These 12 patients had normal thallium test 
results in the bypassed area (stress or dipyridamole t st). The patency rate of the left 
internal thoracic artery was 98.3% (n = 60), occlusion rate 1.6% (n = 1), and incidence 
of threadlike arteries 4.9% (n = 3). Thus the rate of perfect patency was 93.4%. The 
patency rate of the right internal thoracic artery as a free graft was 93.4% (n = 57), 
occlusion rate 6.5% (n = 4), and the incidence of threadlike arteries 8% 
(n = 5). Thus the rate of perfect patency was 85.2%. A total of 169 anastomoses were 
studied. The rate of patency of the anastomoses to the left anterior descending coronary 
artery was 96% (n = 58) and the occlusion rate, 4% (n = 2). The patency rate of 
sequential anastomoses (side to side) to diagonal arteries was 100% (n = 16). Patency 
rate of anastomoses to obtuse marginal arteries was 95% (n = 58) and the rate of 
occlusion, 4.9% (n = 3). The patency rate of anastomoses to the posterior descending 
artery or distal branches of the right coronary artery was 80% (n = 4/5). We conclude 
that the Y procedure is a ~safe technique with an acceptable morbidity and a good 
patency rate. This procedure can be used when the in situ technique is not possible 
because of far-reaching distal marginal coronary arteries. (J THORAC CARDIOVASC SURG 
1995;109:1042-8) 
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The internal thoracic artery (ITA) is the conduit of 
13 /cho ice  for coronary artery bypass. - Long-term 
advantages of this graft are widely recognized. 4-7 In 
selected patients equential anastomoses, the use of 
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two ITAs, and the free graft technique increase the 
versatility of this conduit, s' 9 Thus complete revas- 
cularization of the left ventricle can be achieved with 
two ITAs. Unfortunately, complete revasculariza- 
tion is sometime impossible to carry out because the 
ITAs are too short or marginal coronary arteries too 
distal. Reimplantation of the right ITA, used as a 
free graft, into the left in situ ITA was reported as a 
Y anastomosis technique 1°' la or a T technique. 12 
Distal marginal coronary arteries, even the posterior 
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descending artery, can be bypassed with these tech- 
niques.n, 12 Despite the fact that a wide myocardial 
mass was supplied by the new left ITA  trunk, good 
results were reported with Y and T techniques, n '  12 
However, some surgeons are afraid that ITAs are 
not able to deliver adequate flow to a wide left 
ventricular mass J  3 The true value of the reimplan- 
tation of  the right ITA  into the left ITA  needs to be 
assessed. Our study reports the clinical results and 
ITA  patency rate at 1 year of the reimplantation of 
the right ITA  into the left in situ ITA  with a Y 
anastomosis. 
Patients and methods 
Population. Eighty consecutive patients who under- 
went Y reimplantation from January 1988 to January 1992 
were included in the study. This group represented 10% of 
the 840 patients with coronary disease operated on during 
the same period in our surgical department. 
Sixty-eight patients were male (85%). Mean age was 
59.27 years (age range 30 to 76 years). Thirty-nine patients 
(48.7%) had at least one myocardial infarction (MI) 
before the operation. Twenty-five patients (31.5%) had 
unstable angina and five required an emergency opera- 
tion. Ten patients had diabetes (12.5%) and 29 were over- 
weight (36%). Four of the patients were having repeat 
operations. 
Preoperative catheterization showed that 60 patients 
(75%) had three-vessel disease, 20 (25%) had two-vessel 
disease, and 10 (12.5%) had main left coronary artery 
stenosis. Left ventricular ejection fraction, assessed after 
an extrasystolic contraction, was less than 35% in two 
patients (2.5%) and less than 50% in 11 (13.5%). 
Operative technique. Left and right ITA pedicles were 
harvested as describedJ 4 Papaverine solution (3 ml) was 
gently injected into the unclamped ITA by means of an 
olive-tipped needle. Each ITA was then distally clamped 
and kept wrapped for 10 minutes in gauze that was soaked 
in papaverine. Thus full vasodilatation of the ITA was 
achieved. Then the right ITA was harvested as a free graft. 
The reimplantation of the right ITA into the left ITA (Y 
procedure) could be performed with or without the help 
of cardiopulmonary b pass according to the hemodynamic 
condition of the patient. The pleural cavity was opened 
and the pleura and pericardium were cut toward the 
phrenic nerve to get a straight path to the ITA pedicle 
from its origin to the left side of the pulmonary artery. 
Then the site of the Y anastomosis on the left ITA was 
chosen as follows. The left ITA was laid over the left 
ventricle along the left anterior descending artery (LAD). 
At the crossing level between the ITA pedide and the 
pulmonary valve, the anastomotic site was marked on the 
left ITA pedicle with a small clip. A cylindrical pad mad6 
of gauze (5 cm diameter, 9 cm long) was placed on the 
pulmonary artery. With the aid of a retractor thread 
attached to the pad, the pad was pulled up behind the 
sternum into the upper part of the mediastinum. The 
proximal part of the left ITA was laid on the pad. Thus" the 
operative field was well exposed, superficial, and motion- 
Table I. Destination of ITA and vein grafts 
Coronary artery Left ITA Right ITA Vein graft Total 
LAD 50 29 1 80 
Sequential jump grafts 2 2 
Diagonal 8 20 0 28 
Marginal 27 52 5 84 
Right coronary branch 0 3 5 8 
less. The left ITA was opened at the clip level and the 
pleural side of the right ITA was anastomosed to the 
costal side of the left ITA by an end-to-side anastomosis. 
Two 7-0 running sutures were used. The two ITA pedicles 
were bound together at the anastomotic site, over 1 cm, 
with human fibrin glue and two 5-0 Prolene sutures 
(Ethicon, Inc., Somerville, N.Y.). These precautions pre- 
vented pulling, tearing, axial twisting, or kinking of the 
ITA pedicles and anastomosis. Distal coronary artery 
anastomoses were then performed after the Y anastomo- 
sis was done. 
Myocardial protection was achieved with antegrade 
cold crystalloid cardioplegia nd topical cooling. Myocar- 
dial temperatures were kept within 12 ° to 15 ° C during the 
aortic crossclamping time. Two isolation pads were used 
to prevent excessive cooling of the phrenic nerves. 
Marginal coronary anastomoses were performed before 
the LAD anastomoses. The end-to-side anastomosis had 
to be at least 8 mm long. Side-to-side anastomoses were 
not diamond shaped but were longitudinal, axial, and 5 
mm long. All the anastomoses were done with two 8-0 
Prolene running sutures tied onto the lateral side of the 
anastomosis as previously described. 9 The ITA wall and 
coronary artery wall were never touched with surgical 
tools (no-touch technique). The average time to perform 
one anastomosis was 20 minutes. The destination of the 
ITA and type of anastomosis are summarized in Table I. 
A total of 202 anastomoses were performed (2.52 per 
patient): 191 with ITAs and 11 with saphenous veins. 
Criteria of assessment. Perioperative criteria were as 
follows: mortality, MI (creatine kinase MB [CK-MB] 
enzyme >100 U and/or presence of Q waves, loss of R 
wave in chest leads), phrenic nerve paralysis, respiratory 
support, wound infection, reoperation for bleeding, reop- 
eration for ITA insufficiency, 13 and use of intraaortic 
balloon. At 1 year criteria were as follows: late mortality, 
MI, clinical status, and angiographic follow-up studies. 
ITA patency rates are presented in terms of occlusion of 
one branch of the Y anastomosis, development of thread- 
like arteries (string sign, very small ITA diameter), and 
perfect patency (without occlusion, threadlike artery, or 
ITA stenosis). All anastomoses were studied and assessed 
as patent or occluded. 
The X a test was used for statistics and Yates test for 
small groups. 
Results 
Operative mortality. Three patients died (3.7%). 
One patient could not be weaned from cardiopul- 
monary bypass, but the ejection fraction was less 
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Table II. Patency rate regarding in situ (left) versus free graft (righ 0 ITA and coronary artery bypassed 
No. of ITA Threadlike Perfect 
grafts 1TA CABP Patent Occlusion artery patency 
41 Left LAD 40 (97.5%) 1 (2.4%) 2 (4.8%) 38 (92.6%) 
20 Left Marginal 20 (100%) 0 1 (5%) 19 (95%) 
17 Right LAD 17 (100%) 0 2 (117%) 15 (88%) 
39 Right Marginal 35 (89%) 4 (10%) 3 (7%) 32 (82%) 
5 Right RCAB 4 (80%) 1 (20%) - -  - -  
ITA, internal thoracic artery; CABP, coronary artery bypassed; LAD, left anterior descending artery; RCAB, right coronary artery branch. 
than 20%; one died of a major gastric hemorrhage 
and one had a fatal neurologic stroke. 
Postoperative complications. MI was diagnosed 
in eight patients (10%). Three patients had an MI in 
the grafted area (4%) with evidence of Q waves and 
five (6%) in the nongrafted area (CK-MB activity 
increasing without Q waves). Despite this, none of 
the eight patients howed hemodynamic deteriora- 
tion. 
Phrenic nerve paralysis occurred in one patient 
(1.25%) and necessitated ventilatory support for 3 
weeks. 
Respiratory failure affected two patients and ne- 
cessitated prolonged ventilatory support (3 days and 
20 days). 
Thoracic wound infection occurred in six patients 
(7.5%). Three patients had documented bacterial 
sternal sepsis. All patients were cured without se- 
quelae. 
In this series, no patient required reoperation for 
postoperative bleeding. 
No emergency reoperations were needed for he- 
modynamic deterioration as a result of ITA insuffi- 
ciency. 
In three patients (3.7%) an intraaortic balloon 
was used to ensure safe weaning from cardiopulmo- 
nary bypass. 
Average hospital stay was 11 days (8 to 15 days) 
when there was no wound infection or need for 
ventilatory support. 
Results at 1 year. Four patients died during the 
follow-up period. Causes of death were lung cancer, 
pancreatic cancer, cerebral tumor, and rupture of an 
abdominal aneurysm in one patient each. 
Seventy-three surviving patients were followed 
up. Severe hemiplegia developed 2 months after the 
operation in one patient, and this patient was not 
evaluated. Thus 72 patients were studied at 1 year. 
Sixty-nine patients (95.8%) were free of angina. 
Sixty-one patients underwent coronary angiography 
(84%) between 12 and 24 months (mean 16 months) 
after the operation. All the patients who had peri- 
operative MI underwent angiography. Six patients 
with severe peripheral arterial disease were not 
suitable for coronary angiography and six patients 
refused the procedure. These 12 patients underwent 
a thallium test at 1 year (stress or dipyridamole t st). 
Results of all thallium tests were within normal 
limits in the area grafted with the ITA. 
The global ITA patency rate of the left ITA was 
98.3% (60 ITAs) and the occlusion rate, 1.6% (1 
ITA). The ITA became threadlike in 4.9% (3 ITAs). 
Thus perfect patency was present in 94.4% of left 
ITA grafts. The global patency rate of the right ITA 
as a free graft was 93.4% (54 ITAs) and the occlu- 
sion rate, 6.5% (4 ITAs). The ITA became thread- 
like in 8% (5 ITAs). Thus perfect patency was 
present in 85.2% of right ITAs. No significant 
differences were detected between the left and right 
ITAs. 
Eight ITAs became threadlike arteries. Six of 
these ITAs (75%) were associated with nonsignifi- 
cant native coronary artery stenosis (<60% narrow- 
ing). In these cases there was a competitive flow in 
the native artery and the flow in the ITA was very 
small. 
One hundred sixty-nine anastomoses were stud- 
ied. The rate of patency of anastomoses to the LAD 
was 96% (58 anastomoses) and the rate of occlusion, 
4% (2 anastomoses). Patency rate of sequential 
anastomoses (side to side) was 100% (16 anastomo- 
ses). Anastomosis patency rate to the marginal 
artery was 95% (58 anastomoses) and rate of occlu- 
sion, 4.9% (3 anastomoses). Anastomosis patency 
rate to the posterior descending artery or distal 
branches of the right coronary artery was 80% (4 of 
5 anastomoses). Table II shows the patency rate of 
the coronary anastomoses according to the left and 
the right ITAs used. No statistically significant dif- 
ferences exist between the rates of patency, what- 
ever the combination. 
In this series there was no case of occlusion of the 
two branches of the Y anastomosis in the same 
patient. Right ITA obliteration led to occlusion of 
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the whole right ITA, but left ITA occlusion involved 
only the distal segment, after the Y anastomosis, of
the left ITA. In this case the right flee-graft ITA was 
supplied by the proximal segment of the left ITA, 
which was perfectly patient with a good anastomosis. 
Diseussion 
Green, is Tector, s Mills, 16 Loop, 17 Dion, is and 
their associates increased the versatility of the 
ITA. They described sequential anastomoses, bi-
lateral ITA anastomoses, and the free-graft tech- 
nique. Reimplantation of the right ITA as a free 
graft into the left in situ ITA has been previously 
described. 1°-12 Good late clinical results were 
reported by Tector and colleagues, a2but in their 
series the number of angiographic follow-up stud- 
ies was not significant. In our series all 80 consec- 
utive patients were operated on by the same 
surgeon, with the same technique, and were in- 
cluded in a prospective follow-up program. Fur- 
thermore, 84.2% of the patients underwent angio- 
graphic examination at 1 year. Chocron and 
coworkers 19 reported a 6-month patency rate, but 
the series is divided into two small groups of 
patients operated on with two different tech- 
niques. Their study emphasized the technical as- 
pect of the Y process: in their first group (34 
patients), Y anastomoses were performed after 
the distal coronary anastomoses were undertaken, 
and without the help of the cylindrical pad. The 
patency rate of the free graft was only 45% in this 
first group, but in their second group our tech- 
nique 9 was applied (the Y anastomosis per- 
formed before aortic clamping and with the pad). 
The patency rate of the free graft in this second 
group rose to 73%. 
Perioperative mortality in our series is similar to 
that in other series of bilateral ITA grafting. 12-18 In 
our series a 10% MI rate may seem high, but only 
three patients (3.5%) had Q waves in the grafted 
area. In five patients there was an isolated increase 
of CK-MB enzymes. In this latter case it was due 
more to myocardial damage than to localized MI. In 
our study we used antegrade crystalloid cardiople- 
gia. Buckberg 2° reported better myocardial protec- 
tion with retrograde cold blood cardioplegia. Tector 
and associates, x2 in their series of 287 reimplanta- 
tions of the right ITA into the left ITA with a T 
anastomosis and retrograde blood cardioplegia, re- 
ported a 1% incidence of MI. 
Sternal infection occurred in 7.5% of the patients, 
but 36% of our patients were overweight and four 
infections occurred in these overweight patients. 
Obesity increases the risk of sternal infection when 
the two ITA are used. 21 
Reoperation for ITA insufficiency was not necessary 
in our series. 1TA insufficiency jeopardizes the pa- 
tient's life and necessitates mergency reoperation to
graft a vein distal to the ITA anastomosis involved. 13 A 
2% incidence of ITA insufficiency has been reported in 
the literature when reimplantation f the right ITA 
into the left ITA with a T anastomosis is used. 12 In our 
study three patients had an MI in the area grafted with 
the ITA. Maybe this MI could be related to moderate 
ITA insufficiency, but patients were well without he- 
modynamic deterioration, cardiac drug support, or 
reoperation. The risk of ITA spasm can be reduced 
when the distal segment of the ITA is not used. 22 The 
last 2 cm section of the ITA is muscular. 23 The Y 
technique allows resection of this last 2 cm segment of 
the right ITA because of the great gain in length of the 
right 1TA and thus could reduce the risk of spasm of 
the right ITA. 
Global patency rate of the left and right ITAs to 
the LAD were, respectively, 97.5% and 100%. How- 
ever, the incidence of threadlike arteries was 4.8% 
and 11.7%. If we consider threadlike arteries to 
indicate graft failure, perfect patency was 93.4% and 
88%. In the literature, the rate of ITA patency to the 
LAD at 1 year 4' 18,24 ranged from 92% to 97%. 
However, only Bergeron and colleagues 24reported 
an incidence of threadlike arteries. In our series 
there were no statistically significant differences 
between left and right ITAs, but there was a ten- 
dency for better results with the left ITA. With 
regard to the Y technique, if possible the left ITA 
must be used to revascularize the largest coronary 
artery, which is generally the LAD. 
Loop and coworkers 17 reported a series of aorta- 
coronary bypasses in which the free ITA graft was 
used: patency of the LAD was 86% and that of the 
other coronary arteries, 78%. Dion and coworkers 18 
reported a 79% rate of global patency with aorta- 
coronary ITA free grafts. In our series, the rate of 
perfect patency with the right ITA used as free graft 
was 88% on the LAD and 82% on the marginal 
arteries. However, the major advantage of the Y 
technique isthe increase in the length of the free ITA 
graft available, because 4 cm can be saved (the dis- 
tance between the medial aortic line and the left edge 
of the pulmonary artery, site of the Y anastomosis). 
This gain in length allows the revascularization of
far-reaching distal arteries: marginal branches or left: 
ventricular branches of the right coronary artery. 
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Our incidence of threadlike arteries eems to be 
high (6.8%). However, in 75% of the cases of 
threadlike artery the competitive flow from the 
native artery can explain the evolution of the ITA. 
Our data suggest that ITAs are sensitive to compet- 
itive flow when the Y technique is used. Therefore 
this technique is indicated only when coronary ar- 
teries are significantly stenotic (>70%). Some stud- 
ies reported that patency of threadlike arteries could 
be restoredY' 26 The flow in these arteries increased 
when the native coronary stenosis reached 70%. 25, 26 
Thus the development of threadlike arteries cannot 
be considered as a definitive graft failure, but a 
careful selection of the stenotic oronary artery may 
avoid this problem. 
Our results with sequential anastomoses are sim- 
ilar to those in other reported series. 27-29 The length 
of the ITA available with the Y anastomosis is 
essential to enable harmonious curves between se- 
quential anastomoses. This avoids pulling of the 
ITA pedicle, tearing of the anastomosis, and if fibrin 
glue is used, any kinking and twisting. 
Tector and associates 12reported a large series of 
reimplantations of the right ITA into the left ITA 
with T anastomoses. Turbulences and low-pressure 
surfaces (recirculation areas) on the wall of the 
outlet Y branches increased with the angle of the 
bifurcation. 3°'31 The bifurcation angle of the Y 
anastomosis i  less than 20 degrees and that of the T 
anastomosis i  90 degrees, so that the T anastomosis 
is more turbulent han the Y anastomosis. More- 
over, there is a link between low-pressure surfaces 
and the development of atheroma t the bifurcation 
in the arterial system. 3°' 31 
Conclusion 
The Y technique can be considered safe. It yields 
a good patency rate at 1 year with an acceptable 
mortality and morbidity. The extra length of the 
right ITA allows distal coronary vessels to be by- 
passed with the ITA. Inasmuch as the sternal medial 
line is not crossed by the Y graft, any reoperation 
would be safer. However, the Y technique requires 
skill and is time consuming. The Y technique is 
applicable, as indeed is the case in our study, only 
when in situ bilateral ITAs cannot be used to 
revascularize distal coronary arteries. Patients must 
be in good condition and have a long life expectancy. 
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Discussion 
Dr. Steve Guyton (Seattle, Wash.). The ITA as a bypass 
conduit carries a significant relative immunity to the 
effects of atherosclerosis. The results of studies such as 
presented here by Professor Barra continue to push us 
toward increased use of the ITA for complete revascular- 
ization. This report advanced our knowledge about the 
versatility of the ITA and validates the increasing com- 
plexity of coronary bypass operations in our attempt o 
provide long-term benefits to our patients. Professor 
Barra and his colleagues are to be commended on their 
excellent results and careful follow-up in this challenging 
area. The devil is in the details, however. 
Meticulous attention to detail is evident in Professor 
Barra's description of operative technique. Long anasto- 
moses performed in the longitudinal axis of the coronary 
artery and use of 8-0 suture material contribute signifi- 
cantly to the excellent results these authors have demon- 
strated with greater than 1 year of angiographic follow-up. 
The 20-minute average time for a distal anastomosis 
made possible by the excellent myocardial preservation 
techniques now available. Sternal wound problems remain 
a risk that are inextricably and often unpredictably inked 
to ITA use. This fact was recently brought home to me by 
a patient without risk factors and an otherwise unremark- 
able course in whom infarction of the manubrium oc- 
curred after ITA harvesting. Despite some risks, the 
long-term advantages of ITA grafting are becoming in- 
creasingly evident. 
Professor Barra, the Y procedure was applied to 10% of 
your patients over a 4-year period. You stressed several 
times that patient selection is essential to its success, as 
well as to avoiding ITA insufficiency. Can you compare 
the patients in this study with the other 90% of your 
patients having coronary bypass with regard to age, left 
ventricular function, how many of these received bilateral 
ITA grafts, and how many received only saphenous grafts? 
Dr, Barra. In our practice, about 70% of the patients 
received two ITA grafts. We used two ITA grafts in 
patients up to 70 years of age who were not diabetic and 
who, occasionally, were obese, although obesity in France 
is not as severe a problem as in America. 
Dr. Guyton. We do know that this 10% of patients were 
relatively oung with good left ventricular function, but 
selection criteria are not clearly spelled out. Are there 
characteristics of the ITAs, the coronary anatomy, or the 
clinical situation that preclude the use of bilateral ITAs? 
I reiterate that the devil is in these details. 
Dr. Barra. Sometimes we did not use the ITA because 
of intimal dissection of the artery. In other cases, espe- 
cially in women, the ITA is very thin. Also, we measure 
the flow in the ITA, and if it is not adequate (more than 
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60 or 70 ml), we do not use the artery, but this is not 
frequent. Poor ventricular function does not prevent us 
from using the ITA. All of our patients, even those 80 
years of age, have at least one ITA graft on the LAD. It is 
very uncommon for us to use only vein grafts--0nly when 
the ITA is not suitable. 
Dr. Kent W. Jones (Salt Lake City, Utah). I am dis- 
turbed by two numbers. One is your 7.5% rate of medi- 
astinal infection, which is significant. The second is the 
patency rate of the right ITA free graft. If you include the 
threadlike arteries, which are really noncontributory to
myocardial blood flow, your patency rate at 1 year is only 
86%, which to me is not very good. Could you justify those 
two numbers in using this technique? 
Dr. Barra. The right ITA is not as good as the left ITA 
in terms of 1-year patency rate, and we reserve the l ft 
ITA for the LAD. However, the patency rate of the right 
ITA to the marginal coronary arteries is significantly better 
than that of vein grafts. The literature shows only a 65% to 
70% rate of perfect vein graft patency to the marginal 
arteries at 1 year, which is very bad and highly significantly 
lower than our results with the Y technique. The use of two 
ITAs, in situ or in flee grafts with or without the Y 
technique, is certainly a major improvement in coronary 
surgery. In our experience there is no significant difference 
between grafting of the in situ right ITA to the marginal 
branch and free right ITA grafting used with the Y tech- 
nique. Concerning sternal wound infection, all of our pa- 
tients were cured without sequelae after 25days (on aver- 
age) of irrigation and closed aspiration. In young patients 
under 65 years of age, the benefits of long-term patency 
compensate for the risk of postoperative wound infection. 
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